Well-log measurements and seismic measurements should be compared at the same scale. The conversion of highly detailed borehole data into less detailed seismic data has to be done in a specific way considering conclusions from scaling analysis. One has to be careful with the differentiation to convert borehole acoustic impedance into reflectivity. In addition coarsening has to occur in such a way that the correct seismic scale is achieved.
Introduction
In practical situations one has measurements on a reservoir from two different types of sources: borehole and seismic data. Both sources of information have specific characteristics. Borehole data is only available at a limited number of well locations, whereas seismic data is available on a large grid. Considering both types of data at the well location, the major difference between well-log data and seismic data is the amount of detail we can observe. In seismic data we often are confronted with wavelengths in the order of a few tens to a hundred meter, or in time in the order of 10 to 50 ms. Well-log measurements, on the other hand, exhibit a much higher resolution (detail), commonly in the order of the meter range.
If one wants to compare both types of data at the well location, both signals have to be made comparable. This can be done by coarsening the well-log data to a resolution comparable to the seismic scale and by subsequently converting the measurement from depth to time. These two steps should be done with consideration of the scaling behavior of the physical properties. This means that the value of the measurement is depending upon the scale one is considering it on [2, 4] .
For instance if the P-wave velocity cp is considered, the scaling behavior is found to be important. Figure 1 represents the scaling analysis of the P-wave velocity. The well-log data ( Figure 1a ) is coarsened using a Gaussian-function with a varying width. This is the same as the continuous Gaussian wavelet transform [1, 3] . The standard deviation of the Gaussian-function is a measure for its width. The results of the smoothing of the well-log for z between 2.8 and 22.6 m are presented in Figure 1b . The changes in the scale direction are indicated in Figure 1c . This means that the value of the physical property depends upon the scale it is observed at. Changing the scale slightly can have a large effect on the value of the property. In the case of the velocity analyzed in Figure 1 , a maximal scale dependency of more than 400 m/s was found for a doubling of the resolution, or local gradients of up to 10 % of the average velocity were found.
For the comparison with seismic data, we are more interested in a properly scaled version of the reflectivity rather than the velocity. From the acoustic impedance (Z), obtained from the density and the P-wave velocity well-logs, a coarsened normalincidence reflectivity (R) can be constructed. In the classical equation for the reflectivity a differentiation (dZ) and an average ( Z) are used:
We should bear in mind that the acoustic impedance was found to be not differentiable [2, 4] . By using a convolution with the first derivative of the Gaussian-function instead for the numerator, and with the Gaussian-function for the denominator, a resembling formula can be found. In this way, differentiability of the physical property is not a prerequisite anymore. By varying the width of these analyzing functions, the reflectivity can be obtained at different scales.
For instance the reflectivity at scale z = 8 m is presented in Figure 2a . The velocity at the same scale is used to transform this reflectivity from depth to time. The result is represented in Figure 3 . It is clear that the resolution of the signal in time is not constant anymore. This is due to the changing velocity in depth. For instance below 2.0 s the reflectivity has a smaller scale t (higher detail) due to the higher velocity. Figure 3b represents the local scale in time t of the reflectivity.
Seismic data has a decreasing resolution with time. By correcting for the velocity a selection can be made of scales in depth z that result in a specified scale in time t after conversion from depth to time. The problem however is that the velocity cp( z; z) was found to be depending on the scale z in itself (Figure 1) . A circular problem arises (Figure 4 ). 
Solution
The solution consists of two major parts:
1. the construction of cp( z; z) and 2. the selection of normal-incidence reflectivity R( z; z)
If the velocity at the scale of the seismic wave cp( z; z) is known, the relationship between the desired scale in time t and the scale in depth z is:
Because the velocity is depending upon the scale that has to be found, an iterative procedure is used:
with subscript i and i-1 indicating the appropriate iteration step.
Although a large scaling of the velocity cp was found (Figure 1 ), the selection procedure converges within a few iterations. The selection of the first iteration step and the final selection are given in Figure 5 .
Along with the velocities, the associated scales z are also found ( Figure 5 ). This information can be used in the second part to select the reflectivity R( z). The result of this selection ( Figure 6a ) has a constant scale in time t. This can be seen after a conversion from depth to time (Figure 6b ).
The result from this procedure can subsequently be matched with seismic data. For instance the frequency spectrum or the scale-spectrum of seismic and coarsened well-log data can be used as a criterion. The desired scale in time t in Equations 2 and 3 can be adjusted for the matching. In general this would result in a changing t to accommodate for the decreasing resolution with time.
Conclusions
Well-log measurements and seismic measurements should be compared at the same scale. An iterative methodology is proposed that represents a convolution procedure with a wavelet that can adapt its width to the local velocity at its own scale. This results in a signal with a specified scale in time. The reflectivity at the seismic scale is derived from the acoustic impedance by a differentiation in a weak sense using the first derivative of the Gaussian function. 
